Emissions of nitrogen oxides from coal combustion are a major environmental problem
Introduction
Existing problems of using coal in the boiler units to a large extent can be overcome by the burning of coal dust to expose to heat treatment directly at the plant. Heat treatment of coal samples leads to significant changes in the composition and properties of solid residue, which is to reduce the yield of volatile substances and oxygen, to increase the caloric content of residual volatile matter and calorific solid residues. Good flammability of products of heat treatment, high caloric content and their reactivity, environmental cleanliness provide ample opportunities for use in thermal power plants the pre-thermal preparation of coal before burning.
In 1980-1983 at the experimental facility of the institute, detailed studies of the influence of preliminary heat of fuel preparation on the nitrogen oxides formation were carried out. Coal dust, with varying degrees of metamorphism: berezovskiy lignite coal (V daf = 44.7 %, N daf = 0.8 %), ekibustuzskiy bituminous coal (V daf = 31.2 %, N daf = 1.5 %) and kuznetskiy lean coal (V daf = 13.5 %, N daf = 2.2 %)
were used. The studies were conducted in a wide range of temperature (until 820 ºC) and heating rate of air into the burner (α = 0.92…1.25). It was found that preheating of highly concentrated dust suspension in a gaseous medium by a factor of the oxygen α ≤ 0.05 until 600…820 ºC outlet of fuel nitrogen oxides can be reduced by 2-5 times. These studies were confirmed on the demonstration plant of heat power 1.12 MW at combustion kuznetskiy low-caking coal. When heated dust to 585 ºC decrease emissions of nitrogen oxides is almost 2.5 times compared with conventional regime without heating the dust reached. It is established that the heating of pulverized coal considerably improves conditions: temperature increase in the axial zone of reverse flow at the initial part of a torch and in the core burning is reduced almost by half the distance from the mouth of the burner to the zone of maximum temperatures.
The data obtained were used to develop a full-scale pulverized-coal burner design with prethermal treatment of fuel. In 1983-1984 this burner heat output of 60 MW has been implemented and tested on an industrial boiler TPP-210A. Further tests were carried out on other boiler units using the system for heating fuel in burners. All tests confirmed the feasibility of using these burners. In all cases it was possible to reduce nitrogen oxide emissions from 1200 and 1800 to 500 and 700 mg/m 3 respectively at combustion of kuznetskiy lean and low-caking coals [3] .
To further implement this technology on the boilers of various designs at burning coals of various grades is necessary to conduct additional studies, including by means of numerical simulations. In this paper the mathematical model and some results of thermal preparation coal combustion calculation are examined.
Mathematical model
The model of non-isothermal incompressible multi-component gas was assumed as a model of flow in combustion chamber. The gas flow in the studied problem is considered as established, thus all equations are written in the steady-state form. It is assumed that combustion gases consist of N 2 , O 2 , CO 2 , H 2 O and complex of volatiles VOL. The model includes the following equations:
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where D is the molecular diffusion constant, Sc -turbulent Schmidt number, S -source term describing reactions; equation of energy transfer ( )
S ch , S R are source terms describing, correspondingly, energy effect of reactions and radiation heat transfer.
The modified high-Reynolds k-ε model of turbulence (Chen k-ε model) is used to describe the turbulent characteristics of flow. The equations determining the kinetic energy of turbulence and its dissipation rate have a form (Chen and Kim, 1987):
where G is the rate of turbulence generation:
Reynolds stress tensor has a form 2 ( ) 3
The empirical constants Cμ = 0.09, σ k = 0.8, σ ε = 1.15, С 1 = 1.15, C 2 = 1.9, C 3 = 0.25 are given in the work (Chen and Kim, 1987) . These constants are approved for a wide class of isothermal flows. The form of k-ε model is adapted for fully developed turbulent flows. In the nearwall region wall function are used to save computational resources. 
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Coal Dust Combustion. The Lagrange method was used in the present work to model of coal dust motion. During the modeling, the main forces acting on a particle were the force of phases interaction (aerodynamic resistance force) and gravity force. As the coal particles moves, it is heated up and it undergoes a number of process: extraction of residual moisture and volatile components, combustion of volatile components and char. When the coal particle advances in the furnace, the reaction processes of vaporization, coal pyrolysis and char combustion are considered.
The coal particle consists of four components: water, volatiles, carbon and ash. Vaporization of moisture from the coal particle is described by the diffusion-limited model. Coal pyrolysis is modelled by a simple, one-step mechanism and the volatile composition is assumed to be constant.
The reaction rate of coal pyrolysis is taken from experimental data.
Char combustion is controlled by the chemical surface reaction and the oxygen diffusion to the particle. This model includes the factor η which describes the transition between the char combustion regime limited by the rate of oxygen diffusion and the regime is sufficiently limited by the chemical reaction rate. Char particles are considered to burn at constant density and variable size.
The diameter change of a particle follows:
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The instantaneous burning rate of an individual particle is determined from temperature, velocity, and size information by solving the energy balance for the particle, assuming a spherical, homogeneous, reacting particle surrounded by a chemically frozen boundary layer (i.e., single-film model). Heat losses from convection and radiation are considered, as well as the effects Stefan flow:
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where Pe is a Peclet number, Pe − is a modified version of the Peclet number (i.e., the ratio of the convective velocity of the net mass leaving the particle surface to the diffusive velocity of heat leaving the surface).
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( ) At the approximation of convective terms Leonard's scheme is employed that is substantially minimizes the circuit viscosity. For connection velocity and pressure fields SIMPLE-C procedure is employed.
Results
Validation of the model was carried out on laboratory-scale plant of All-Russia thermal engineering institute. This plant consists of dust preheater in which coal is heated until specific temperature, burner consisting of two coaxial cylinder and combustor. Coal-gas mixture from a preheater moves on the internal flow path, air-on to the external. Original fuel compound is shown in Table 1 . Coal and gas compound after preheater are shown in Table 1 , 2. Experiments and numerical calculations are carried out with two coal sorts used: brown and black lean coals. The stationary plant is shown in Fig. 1 .
The calculation results for black coal are shown in Fig.2, 3 . Fig. 3 shows concentration NOx along the furnace. One can see satisfactory agreement with experimental data at volatile nitrogen to total nitrogen ratio equal to one. In Fig. 4 , 5 the comparison of calculated and experiment results for brown For calculation there was used black coal the structure of which is represented in Table 3 . The analysis of the used coal is given in Table 4 .
Fuel with grinding 30 micrometer and a part of primary air at the temperature 25 ºС is tangentially supplyed in to the an input 1 (Fig.6 ). In the cannel 2 supply of fuel (d=90 micrometer) and air at the temperature 120 °C. Secondary air at the temperature 300 °C is supplied into the cannel 3. Results of modeling in the form of distribution of temperature and concentration are resulted in Fig.8 .
Then, with the aim to study the influence of use of burner with thermo-preparation on decrease of nitric oxides concentration on an exit furnace chamber, modeling of boiler PK-39-IIM (see Fig.10 ) was carried out. As the initial data for a boiler results of modeling of burner were employed presents above.
Comparison was made with a basic variant of boiler without thermo-preparation. The temperature on The analysis of the used coal is given in Table 4 . The analysis of the used coal is given in Table 4 . . 6 Geometrical model, m Fig. 7 Computational grid of burner lculation there was used black coal the structure of which is represented in Table 3 .
f the used coal is given in Table 4 . 2. Numerical research of low emissive burner with step supply of air and preliminary heating coal dust was executed. As a results of calculation optimal sizes of a burner providing heating air-andcoal mixture have been found. The given warming up provides an intensive exit of flying that give the chance to lower nitric oxides concentration on an initial site of a flame.
3. On the basis of the data received at the modeling of low emissive burner modeling of boiler PK-39-IIM with thermally prepared fuel was carried out. Application of the given technology of preliminary heating coal dust provides to reduction of nitric oxides concentration in combustion products to level of 275 mg/nm3.
